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Streptococcus pneumoniae is an important human pathogen 
which frequently causes community-acquired pneu- 
monia [l]. In Korea, bacterial meningitis is more often 
caused by pneumococci than by Haemophilus inzuenzae. 
Our previous study with strains isolated mostly from 
respiratory specimens from inpatients showed that 
penicillin-resistant pneumococci were very prevalent [2]. 
Comparison of the patterns of PFGE of DNA frag- 
ments from pneumococci with the various serotypes 
and resistance levels can be used to elucidate the 
epidemiology of pneumococcal strains [3]. The aim of 
the present study was to determine the probable cause 
of the high prevalence of penicillin-resistant pneumo- 
cocci in Korea by comparing the patterns of PFGE of 
DNA fragments and the antimicrobial resistance of the 
isolates of capsular types 19F and 23E 
Forty-six isolates of types 19F and 23F were chosen 
from those used in the previous study [2]. Specimens 
for PFGE were prepared according to the method of 
Bannerman et al. [4], with some modification. Briefly, 
pneumococcal cells grown in 5 mL of brain heart 
infusion broth with 0.5% yeast extract (Difco, Detroit, 
Mi.) were suspended in Pett IV solution and mixed 
with an equal volume of 2% InCert agarose (FMC 
BioProducts, Rockland, Me.) to prepare plugs. The 
cells in the plugs were treated with lysis solution 
and then with proteinase K. The DNA was digested 
with SmaI (Takara, Tokyo, Japan) overnight at 30°C. 
For PFGE, a CHEF-DR I1 instrument (Bio-Rad. 
Hercules, Ca.) was used, with switch times 0.5 and 60 s 
for 20 h at  6 V/cm. 
All the isolates of both types 19F and 23F showed 
17 fragments, except for two with 16 and 18 fragments. 
The patterns of fragments larger than 225 kb and 
smaller than 145 kb were the same, regardless of the 
types (Figures 1 and 2). Eight PFGE patterns were 
observed (lane A to H) for type 19F and 9 (lane I to 
Figure 1 PFGE patterns of SrrraI-digested genonuc DNA. Lanc 1, S. crrevisiae; lane 15, lambda ladder; lanes 2-8, type 23F; 
lanes 9-14, typc 19F. 
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Figure 2 Schematic presentation of frequently observed PFGE patterns and the number of irolates belonging to each 
arbitrary type. 
Table 1 Multiresistancc and PFGE patterns of serotype 
19F and 23F ivolates of pneumococci 
No. with serotype and PFGE pattern 
Resistance patterna 19F 23F 
TET CHL EKY CLN C Other K L Othcr Total 
R K R K  1 1  2 4  8 
K K K S Y 6 2 4 3 2 4  
R S R K  1 1 
K R S S  1 5  1 7 
Other 2 or 3 drugs 2 1 21' 1 6 
Totdl 1 2 8  9 8 9  46 
"TET, tetracycline; CHL, chloramphenicol; ERY. erythroniycin; 
CLN, clindainycin. 
"All isolates were either resistant or intermediate to peiiicilliri 
except for one of these two iyolates. 
Q) for type 23F isolates. Some of the type 19F and 23F 
isolates showed the same PFGE pattern: lanes C and L, 
12 and 8 isolates, respectively; and lanes 13 and N, 
2 and 1 isolates, respectively. Six of the 15 strains 
isolated in 1990, eight of the 15 in 1991, and four of 
16 in 1992 showed the same patterns, K, C and L 
respectively. All the isolates with patterns C, K and L 
were resistant to penicillin (minimum inhibitory con- 
centration 2 & i d ) ,  except for two isolates each 
of patterns C and K,  which were intermediate (MIC 
0.12-1 pg/mL), and one and two isolates of pattern 
L, which were susceptible and intermediate, respec- 
tively. Most of the isolates with patterns C, K and L 
were niultiresistant to penicillin, tetracycline, chloram- 
phenicol and erythroniycin (Table 1). 
Our  previous study [2] showed that the penicillin 
resistance rate of pneumococci in Korea was even 
higher than those in Hungary or Spain 151. A world- 
wide study [6] showed that the five most prevalent types 
were 3, 6, 14, 19 and 23, but that they were somewhat 
different, depending on geography. The highly peni- 
cillin-resistant strains (MIC 22 pg/niL) were mostly of 
types 6, 14, 19 and 23 [7], but again regional differences 
were noted. In our previous study, it was found that 
proportions of types 6 and 14 were only 3.3% and 
4.5'%, respectively, while most of the penicillin-resistant 
isolates were type 19F and 23F. 
The PFGE patterns of miny of our type 19F 
and 23F isolates were quite similar to those of type 
23F strains in Portugal [3]. In !some countries, it has 
been considered that penicillin-resistant pneuniococci 
have been introduced from othtr countries. However, 
it is difficult to believe that our type 19F and 23F 
strains had recently been introduced from Europe, 
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as our strains were mostly resistant to penicillin, tetra- 
cycline, chloramphenicol and erythromycin, whereas, 
in Portugal, most of the 23F strains were not resistant 
to erythromycin [3]. 
There were many isolates of pneumococci with 
the same PFGE patterns in this study. Also, many of 
the 19F and 23F isolates showed the same pattern, 
which has only occasionally been encountered in other 
countries [8]. The horizontal spread of genetic material 
conveying resistance increments does not appear exten- 
sive, even though pneumococci are naturally trans- 
formable organisms [9]. Typically, members of the same 
clone should share a common serotype, antibiotic 
resistance profile and PFGE pattern. In this study, nine 
of 12 type 19F isolates with a C pattern and four of 
eight type 23F isolates with an L pattern showed the 
same multiresistance to penicillin, tetracycline, chloram- 
phenicol and erythromycin. Also, five of nine type 
23F isolates with a K pattern were multiresistant to 
penicillin, tetracycline and chloramphenicol. These 
results suggest that selection and spread of a few 
resistant clones has been the major cause of the high 
prevalence of penicillin-resistant strains. Another study 
in Korea showed that the resistance rate was only 
slightly lower for the isolates from outpatients [lo], 
whereas in other countries a much higher resistance 
rate has been reported in nosocomially acquired than 
in community-acquired infections [I 1,121. To verify 
our assumption, further study is required with the 
strains isolated from normal carriers or from com- 
munity-acquired infections. 
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Resistance of Streptococcus pneumoniae to penicillin and 
third-generation cephalosporins is increasing in many 
countries, particularly in Spain, where some of the 
highest incidences of resistance to penicillin and other 
antimicrobial agents have been described [l]. Both 
penicillin-resistant (PRP) and -intermediate strains are 
